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INTRODUCTION

During the grant year several studies have been undertaken. These are
reported fully in References 1, 2 and 3, A summary of the technical high-
lights follows.

SUMMARY OF TECHNICAL HIGHLIGHTS

An extended nonlinear indicial approach to modeling nonlinear aero-
dynamic forces for aerocelastic analyses has been developed. The basic
approach is based upon describing function ideas.

The flutter boundaries obtained by the descridbing function method are
generally verified by time méhing soluctions for -sufﬁcicntly snall asmpli-
tude flutter motion. Hence the former, less costly method is useful for
determining the significance of initial departures from linear behavior.

More specific conclusions are ligted below.

e Generally the accuracy of the describing function method decreases as
the amplitude of the motion increases. _‘rhc describing function method, how-~ -
ever, is a powerful tocl to predict the characteristics of transonic flutter
since {t generally requires a very small amount of computational time for the
asrodynamic forces coqand to time marching solutions, particularly if a
paramster study is to be undertaken.

¢ The stable nonlinear limit cycle flutter predicted by the describing
function method is also observed in the tims marching solutions.

e The component iun the upwash distribution due to the angular wvelocity,

a, of airfoil sotion cannot always be neglected even though the aerodynamic
code hu 8 low frequency limitation. Somatimes its neglect causes a ficti-
tious flutter instability of the a-wotion at high frequencies.

* The a effect is properly takea into account by the total describing
function decomposition iato ¢ and a components. ¢ = B/ + a.

*The nonlinesr behavior with the large swplitudes, ¢ > 0.5°, could not
be obtained by. the time marching solutions dus to a mumerical instabilicy in the
seroéynsmic calculations (even vhea & affects are included).
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